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(71) We, Heraeus-Schott Quarzsch- 
melze GmbH., a German Body Corporate, of 
■8 Rohrstrasse, Hanau, Main, Germany, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the fol- 
lowing statement: — 
The present invention relates to fused silica 

10 tubes, more particularly for carrying out 
semiconductor technological methods, which 
have an external coating. 

It is known in the manufacture of semicon- 
ductors such as diodes, four layer diodes, tran- 

15 sistors, integrated circuits or the like, to utilise 
diffusion techniques for doping purposes, for 
example. In such manufacture, a diffusion tube 
made of fused silica is used, which is arranged 
in an electrically heated furnace. In the tfiffu- 

20 sion tube which contains the semiconductor 
crystals to be doped, the predetermined gas 
environment for doping the semiconductor 
crystals is maintained at a predetermined dif- 
fusion temperature. 

25 _ We are aware that French Patent specifica- 
tion 1 293 554 describes a diffusion tube made 
of fused silica which has an external coating. 
This coating becomes molten at -the tempera- 
tures at which the semiconductor crystals are 

30 treated and the purpose of this is to avoid 
impurities diffusing through the fused silica 
diffusion tube into the semiconductor treat- 
ment space, i.e. the space surrounded by the 
fused silica tube. 

35 It has been ascertained that diffusion tubes 
made of fused silica which have been used up 
to now and remaining permanently in the fur- 
nace have a disadvantage which consists in that 
the diffusion tube distorts plastically if the dif- 

40 fusion temperature is too high. The result of 
this distortion is that support gates loaded with 
the semiconductor crystals can no longer pass 
into the diffusion tube, so that a frequent re- 
placement of the diffusion tube is unavoidable. 

45 We are also aware that United States Patent 
[Price 2Sp] 



specification 3 275 493 describes an arrange- 
ment for raising the mechanical strength of 
glass bodies by providing such body with a 
mixed coating such as Cordierite subjected to 
compressive stress. This proposal cannot be 
applied to fused silica diffusion tubes, how- 
ever, because at temperatures higher than 
1000°iC, the coating becomes soft and the 
compressive stresses existing in the coatin* 
would have 'balanced themselves out. ° 

The invention has for its object to produce 
a fused silica tube, more particularly for carry- 
ing out various treatments on semiconductors 
which can be effected at temperatures of more 
than 1000°tC, without any danger of undesir- 
able distortions. 

The invention consists in a fused silica tube 
capable of being subjected to temperatures in 
excess of 1000°C, wherein at least that part 
of the tube which is to be subjected to such 
temperatures has a coating consisting of a con- 
Unuous fine layer of crystalline silica e.g. Cris- 
tobahte whose thickness is less than 5% of the 
wall thickness of the fused silica tube in the 
region of the coating. Preferably the layer 
thickness is less than 1%, of the said wall 
thickness. 

It was surprising that the fused silica tubes 
according to the invention with the Cristobalite 
coating, did not break when a temperature var- 
iation in the region of 300°C whether upward- 
ly or downwardly was exceeded although, as 
known per se, for example Cristobalite has in 
this temperature range due to an alteration in 
modification, a sudden transition as regards its 
coefficient of expansion. Presumably, this re- 
lates to the fact that the coating made of fine 
crystalline Cristobalite is extremely thin. 
m The fused silica diffusion tube of the inven- 
tion with the Cristobalite coating exhibited no 
severe plastic distortion during a period of sev- 
eral weeks, at temperatures which reached ap- 
proximately 1300°C The particularly good 
mechanical strength of the fused silica diffu- 
sion tube of the invention, also at temperatures 
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exceeding 1000°C, is probably explained by 
the fact that the applied fine crystalline coat- 
ing is continuous and the crystals still grow 
at high temperatures. 

5 It has also been proved advantageous to pro- 
vide a protective coating on the Cristobalite. 
This avoids impurities penetrating the fused 
silica tube, for example, from the muffle of 
the furnace during the heating up of the fused 

10 silica diffusion tube to the temperature at 
which the semiconductor doping is carried out, 
which would trigger off undesired crystallisa- 
tion processes therein. Such materials have 
proved suitable as coating materials for the 

15 "protective coating which at temperatures of 
approximately 1300 o C still do not evaporate 
overmuch, however, already show a plastic be- 
haviour. For example, germanium oxide, mix- 
tures of germanium oxide and silicon oxide 

20 or mixed glasses have proved to be very suit- 
able. 

In order that the invention may be more 
clearly understood, reference will now be made 
to the accompanying drawings which show 
25 some embodiments thereof by way of example, 
and in which : — 

Figure 1 shows in elevation a fused silica 
tube constructed in accordance with the inven- 
tion, 

30 Figure 2 shows a cross-section through the 
fused silica tube of Figure 1 in the region of 
the coating, and 

Figure 3 shows a cross-section through a 
fused silica tube with such coating and also 

35 a protective layer. 

Referring now to the drawings, a fused silica 
tube 1 is, as shown in Figure (1, partly provid- 
ed with a coating 2 made of a continuous, 
fine layer of crystalline silica e.g. Cristobalite. 

40 It is, of course, also possible to coat the whole 
of the fused silica tube with the fine crystalline 
layer. Advantageously, the fine crystalline 
layer is only applied to those parts which are 
subjected to high temperatures of more than 

45 1000°C. By partly coating the fused silica tube 
there remains, for example, the possibility to 
retain on the uncoated parts, more particularly 
the ends of the tube, fused silica sections or 
to insert other parts made from fused silica. 

50 The fused silica tube si shown in Figure 3 
in cross-section has not only a coating 2 of 
^Cristobalite but also has a protective layer 3 
applied to such coating e.g. of germanium ox- 
ide, a mixture of germanium oxide and silicon 



oxide or of a mixed glass, which becomes plas- 55 
tic at a temperature of approximately 1300°C. 

The manufacture of fused silica tubes pro- 
vided with a fine crystalline coating can be 
effected by spraying a very pure fine crystal- 
line material such as Cristobalite in powder 60 
form onto the fused silica tube and then heat- 
ing it by a flame or in a furnace. The quartz 
glass tube is maintained at a 'high temperature 
for a period until a coherent layer of Cristoba- 
lite is formed. In a fused silica tube whose 65 
wall thickness in 'the region of the crystalline 
coating, amounts to approximately 2 mm, the 
thickness of the layer, for example, will 
amount to less than 0.02 mm. 

WHAT WE (CLAIM IS : — 70 

1. A fused silica tube capable of being sub- 
jected to temperatures in excess of 1000°C, 
wherein at least that part of tthe tube which 
is to be subjected to such temperatures has 

a coating consisting of a continuous fine layer 75 
of crystalline silica e.g. Cristobalite, whose 
thickness is less than 5% of the wall thickness 
of the fused silica -tube in the region of the 
coating. 

2. A fused silica tube as claimed in claim 80 
I, wherein the layer drickness is less than d% 

of the said wall thickness. 

3. A fused silica tube as claimed in claim 
1 or 2, wherein the fine crystalline layer is 
formed by applying crystalline silica in powder 85 
form to the surface of the tube and then heat- 
ing the tube in a flame or furnace. 

4. A fused silica tube as claimed in any pre- 
ceding claim, wherein a protective layer is pro- 
vided on the fine crystalline layer. 90 

5. A fused silica tube as claimed in claim 4, 
wherein the protective layer consists of ger- 
manium oxide, a mixture of germanium oxide 
and silicon oxide or of a mixed glass, which 
becomes plastic at a temperature of approxi- 95 
matelyil300°C. 

6. A fused silica tube, substantially as here- 
inbefore described with reference to Figure 1 
and Figure 2 of the accompanying drawings. 

7. A fused silica tube substantially as herein- 100 
before described with reference to Figure 3 

of the accompanying drawings. 
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